In order to investigate the viral etiology of acute infections of central nervous system (CNS), multiplex and single PCRs combined with serology for arboviruses were applied on samples from 132 hospitalized patients in Greece during May 2014-December 2016.
| INTRODUCTION
Viruses of several families cause acute infections of the central nervous system (CNS), with non-polio enteroviruses and herpesviruses accounting for the majority of the cases. 1, 2 The etiological diagnosis of acute viral CNS infections is challenging due to a plethora of viral pathogens and the non-specific symptomatology. 3 However, diagnosis is critical in herpes simplex virus (HSV) infections since the clinical outcome is largely dependent on the prompt initiation of the specific treatment. 4 Diagnosis is also important from the public health point of view, allowing assessment of potential risk for additional cases and outbreaks.
The application of molecular methods enables the prompt detection of the pathogen, especially during the very acute phase of the disease when antibodies are not detectable yet. In order to improve the laboratory diagnosis of acute CNS infections, a syndromic approach based on clinical and demographic data combined with surrogated indicators was proposed. 3 The application of multiplex PCRs (PCR capable to detect a variety of pathogens simultaneously in one run) enables the syndromic approach, while the de novo next generation sequencing is expected to solve several diagnostic problems.
Most studies in Greece on the etiology of CNS infections were focused on enteroviruses alone or in combination with herpesviruses. [5] [6] [7] [8] A study conducted during 2003-2006 in northern Greece showed that among 81 patients with encephalitis (n = 45) and meningitis (n = 36), 12 (14.8%) cases were caused by enteroviruses, 4 (4.9%) by HSV type 1, 1 (1.2%) by HSV type 2, and 2 (2.5%) by varicella-zoster virus (VZV). 5 In another study focused on enteroviruses, they were detected in 19 of 49 (38.8%) cerebrospinal fluid (CSF) samples tested. 9 The aim of the present study was to conduct a prospective study to investigate the etiology of aseptic CNS infections during the acute phase of the disease following the syndromic approach and taking into account the patients' demographic and clinical data and the seasonality of cases.
| MATERIALS AND METHODS
CSF samples from 132 patients (80 males, 60.6%) with acute CNS infection were included in the study. The patients were hospitalized during May 2014-December 2016 in tertiary hospitals in Greece. Only samples taken earlier than the 10th day of the disease were included.
The patients were divided into three age groups: younger than 20 years, 20-70 years old, and older than 70 years.
The NucliSens easyMAG platform (bioMérieux, Marcy l'Etoile, France) was used for the nucleic acid extraction from the CSF samples.
A multiplex real-time PCR using the TaqMan technology (FTD Neuro9, 
| DISCUSSION
Viral CNS infections pose a major burden on public health due to the associated high morbidity and mortality, the challenging diagnostics and the lack of specific treatment in most cases. The application of molecular methods enables the rapid detection of pathogens in the acute phase of the disease. A useful strategy for laboratory diagnosis of human CNS infections is screening in one run for a large panel of potential causative agents using molecular techniques. However, the chance to detect the pathogen's genetic material decreases after the very acute phase of the disease, while in some arboviral infections, serology (detection of IgM antibodies) is the method of choice due to the short and low viremia. In the present study we applied molecular methods on CSF samples for screening 132 cases with CNS infection during the first 10 days of illness; serological methods were also applied to test the samples for specific arboviruses which are known to be endemic in Greece.
A viral pathogen was detected in 39.4% of cases, with enteroviruses being the predominant detected pathogen (28.8%), especially in meningitis cases in patients under 30 years of age. In a previous study of our laboratory in which we tested only for enteroviruses and herpesviruses, a pathogen was detected in 23.4% of cases, and enteroviruses were again the most common pathogen, accounting for 14.8% of cases. 5 Enteroviruses are the main cause of viral meningitis worldwide, especially among young patients. During a retrospective analysis in a Greek hospital, enteroviruses were detected in CSF of 47 out of 96 (48.9%) children with aseptic meningitis. 12 In a study among immunocompetent children with CNS infection in Italy, a viral pathogen was detected in 21% of cases, and enteroviruses were detected in 15.2% of cases; 12 of 37 enterovirus-positive children Coxsackieviruses A6, A15, A24, and B1) were co-circulating, 7 an outbreak of echovirus 6 meningitis (eight cases) in a neonatal intensive care unit in 2011, 6 and an echovirus 30 outbreak associated with a 51.9% meningitis attack rate in 2012.
14 WNV was the second viral pathogen, detected in 9 of 52 (17.3%) cases.
All WNV cases were observed in 2014, when an outbreak was ongoing in
Greece. Since 2010 when WNV emerged in Greece, 15 large outbreaks were observed in the country for five consecutive years (2010-2014) with a total number of 441 neuroinvasive cases including 72 fatalities. 16 As expected, most of the patients with WNV infection were elderly.
Phleboviruses were detected in eight cases (15.4%). They occurred during April-September, with a peak in June and July. These results are consistent with studies in other Mediterranean countries where the phleboviral infections are common during the summer months when the sandfy vectors are active. 17 Epidemiological studies in Greece showed that the seroprevalence of phleboviruses in Greece is high, especially in the islands and the coastal areas of the mainland. [18] [19] [20] Novel phleboviruses, such as Toscana virus lineage C and Adria virus, have been identified in human cases in Greece. 21, 22 In the present study the diagnosis was performed only by serology, because the PCR was negative, thus, the phlebovirus strain could not be identified.
Besides one TBE case, all the rest viral pathogens were herpesviruses. However, HSV was detected in only three cases and the most common herperviruses were VZV and EBV. A probable explanation may be that clinicians had set the diagnosis on HSV cases based on clinical and neuroimaging findings and initiated specific treatment without sending samples for laboratory confirmation.
Early and accurate etiological diagnosis of acute neurological infections is beneficial for the patient and for the public health. It is expected that the application of next generation sequencing in clinical practice will enable the pathogen detection in higher percentage of cases, while novel pathogens may also be detected. In all cases, attention has to be paid on the interpretation of the results since detection of a microorganism does not always mean that it is the causative agent of the disease.
Although the current study was performed in only one laboratory in Greece, it provides an insight into the etiology of acute viral CNS infections in a Mediterranean country where specific arboviruses are present and should be included in the differential diagnosis. Besides WNV and phleboviruses which are endemic in the region, the list of arboviruses should be often updated based on surveillance studies because the emergence and introduction of novel viruses, including those affecting the CNS, cannot be excluded.
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